The aim of the present study was to examine possible effects of a different protein supply on the presence of Campylobacter in excreta and caecal content of broiler chickens. Therefore, 220 one-day-old chickens were fed five different diets in the experimental period (day 8 onwards). In the control group (CON; n = 3 boxes), a soya bean-based industrially produced complete diet containing 5-10% whole wheat and coccidiostats was fed, whereas in the remaining groups, four own-made complete diets with four protein sources and combinations (4 9 2 boxes; soya bean meal-based diet = SBM; rapeseed meal-containing diet = RSM; haemoglobin meal-containing diet = HGP; algae-containing diet = ALG) were offered. During the 6-week trial period, data concerning performance parameters, excreta and litter characteristics and microbiological analysis of excreta and caecal content at dissection were collected. The qualitative bacteriological investigation was based on the EN ISO 10272-1:2006, taken from the official collection of analysis methods in accordance with § 64 LFBG. For quantitative bacteriological tests, a 10-fold dilution series was made followed by culture-based quantification methods on approved selective media in duplicate. Comparing the results of the final dissection (day 44/45), nearly all samples of animals receiving the own-made complete diet were Campylobacter positive in the caecal content, whereas only seven of fifteen samples were positive in the CON group. With regard to the CFU in the caecal content, the counts of Campylobacter were significantly lower for animals fed the commercial diet (2.47 AE 3.06 vs. 7.36 AE 0.66 log 10 CFU/g). When only the positive animals were evaluated, significant differences were also found between the CON group and the total of the other groups (5.30 AE 2.08 vs. 7.54 AE 1.70 log 10 CFU/g). Although significant differences were seen in the results, no final recommendation can be given how to create a diet to reduce an infection with Campylobacter.
Introduction
The search for alternative sources of protein presents a major challenge also in poultry production. The proteins for livestock nutrition are becoming more and more a scare resource, and therefore, animal nutrition competes directly with human nutrition (Godfray et al., 2010) . Therefore, in the near future, the production of animal protein will increasingly be affected by competition for natural resources, particularly land and water, competition between food and feed and the need to operate in a carbon-constrained economy (Thornton, 2010) . The usage of alternative protein sources for livestock nutrition in turn must ensure on the one hand good performance, but on the other hand, animal health issues and food security should not be adversely affected.
Campylobacter jejuni is the leading cause of bacterial enteritis in humans (Sedat, 2015) . In Europe, consistently rising numbers of Campylobacter-associated diarrhoeal diseases in humans are caused in an overwhelming majority of the cases by the consumption of contaminated poultry meat (EFSA, 2013) . The extent of contamination shows a positive correlation between the counts of Campylobacter in the caecal content and the number of bacteria on the carcass and the pectoral muscle (Reich et al., 2008) . To prevent or reduce the colonisation of broiler chickens would be one goal in terms of food safety (Newell and Fearnley, 2003) . Within the genus Campylobacter, the species Campylobacter jejuni is significantly more likely to occur in poultry than Campylobacter coli regardless of the animal husbandry systems (Pielsticker et al., 2012) . A transmission of Campylobacter to the animals starting from the feed is ruled out by some authors (Jones et al., 1991; Ge et al., 2013) or is identified as least likely to cause a Campylobacter infection (Adkin et al., 2006) .
Place of retreat is -as already mentioned -the intestinal tract of the animals (Young et al., 2007) . Clinical symptoms are either absent or only moderately present (Lee and Newell, 2006) . Under normal rearing conditions of broilers, Campylobacter jejuni is rarely found in animals less than 3 weeks of age (Young et al., 2007) . The prevalence increases with the age of the animals in the form of a quick, usually unnoticed spread throughout the flock (Evans, 1992) . According to Young et al. (2007) , Campylobacter jejuni can colonise in broilers in extremely high numbers (up to 10 10 CFU/g of intestinal content). In particular, the mucus layer constitutes a protective and at the same supportive environment for Campylobacter, which can in turn take advantage of special amino acids from the mucus for its growth (Hugdahl et al., 1988) . Due to their asaccharolytic nature, Campylobacter require amino acids as a carbon and substrate source for growth (Guccione et al., 2008) . Due to certain metabolic pathways, Campylobacter utilise especially the non-essential amino acids serine, aspartate, glutamate and proline (Guccione et al., 2008) . These can be found in the host or the host environment in sufficient quantities (Hugdahl et al., 1988) , coming either from non-digested dietary protein or endogenous amino acid losses of the animal. According to Lemme et al. (2004) , besides an endogenous origin, amino acid losses are related to the nature of the dietary ingredients. There is a positive correlation between the protein content of the diet and the proportion of non-digested protein at the end of the small intestine, a positive correlation between the protein content of the diet and protein losses specific to each feed and also a correlation between higher protein levels in the diet (with the use of enzyme-hydrolysed casein) and increasing amounts of endogenous losses (Ravindran et al., 2009 ). In the previous decade, an influence of nutritional protein supply on the jejunal release of mucus was already demonstrated in rats (Claustre et al., 2002) . Only a few years ago, a relationship between factors such as amino acid and protein supply and the intestinal release of mucus proteins in chickens was found, too (Adedokun et al., 2011 ). An influence of the protein source (vegetable vs. animal) on the Campylobacter colonisation is described as high (Udayamputhoor et al., 2003) , the plant-protein-based feed causing a significant reduction in caecal colonisation of Campylobacter jejuni in broiler chickens.
Nonetheless, other feed-related factors on digestibility are of importance, too. A wheat-based diet supplemented with NSP-degrading enzymes altered colonisation dynamics of Campylobacter jejuni resulting in a lower colonisation rate at day 14 of life. This was accompanied by higher concentrations of volatile fatty acids and a lower pH in the caecum, in addition to a higher viscosity in jejunal digesta (Molnar et al., 2015) .
The present experiment was designed to examine the possibility of dietary influences on the spread and extent of a natural Campylobacter infection in broiler chickens. For this reason, four different diets were developed that clearly differ in terms of the nature of the protein sources, the amino acid pattern, the amount of fibre and the crude ash content from a commercial complete diet with coccidiostats.
Materials and methods

Animals and housing
One-day-old chickens (N = 220; ROSS 708) were obtained from a commercial hatchery. Before starting the feeding trials at day 8, all birds were housed in four identical floor pens littered with wood shavings. The pens were each equipped with an infrared lamp to achieve a temperature at the outset of about 34-36°C. The temperature was lowered by approximately 1°C every 2 days, finally reaching a minimum temperature of approximately 20°C. The photoperiod from day 4 onwards was 16 h of light and 8 h of darkness. During the first 3 days, additional feed was offered (approximately 300 g/day) on paper to accustom the birds to the feed. All broilers were fed a commercial pelleted starter diet ad libitum during the first week of life. With the beginning of the second week, animals were randomly divided into 11 groups of 20 chickens each and placed into eleven identical boxes (2 9 1 m; Table 1), littered with wood shavings (1 kg/qm).
containing 5% whole wheat and narasine and nicarbazin as coccidiostats was fed in the 2nd week of fattening. From the third week onwards, the diet in the control group contained 10% coarsely ground wheat (added after pelleting) and monensin-Na as coccidiostat. In the remaining groups, four ownmade complete diets with four protein sources and combinations (4 9 2 boxes; soya bean meal-based diet = SBM; rapeseed meal-containing diet = RSM (WISAN â Raps); haemoglobin powder-containing diet = HGP; diet containing algae (Chlorella vulgaris powder) = ALG) were offered to the animals from day 8 onwards.
Samples of all diets were analysed by standardised laboratory methods (VDLUFA, 2012) . The composition and the chemical analysis of the experimental diets are shown in Table 2 .
Experimental design and sampling
During the 6-week trial period, performance parameters were recorded at weekly intervals (Fig. 1) . From the beginning of the third week, also excreta and litter samples were collected at weekly intervals and tested for dry matter content. The weekly sampling for the microbiological investigations of the excreta took place in between (Fig. 1) . The dissections took place at day 37 (five animals per box) and day 44 + 45. At day 37, none of the animals from the control group were dissected. The final dissection from then onwards was performed on 2 days instead ( Fig. 1) . At this time, the blood samples were also taken.
Bacteriological/parasitological analyses of excreta and caecal samples
For qualitative bacteriological analysis for Campylobacter spp., a sample from at least five fresh excreta samples per box was taken using the Transystem â (Copan Flock Technologies S.r.l., Brescia, Italy). The swab was thereby transferred to Cary-Blair agar gel medium and stored at approximately 4°C until being analysed no later than one hour after sampling. The qualitative bacteriological examination was based on the EN ISO 10272-1:2006, taken from the official collection of analysis methods in accordance with § 64 LFBG. First, an enrichment step of the swab was performed in a 5-ml tube mounted with a vent cap (Sarstedt AG, N€ umbrecht, Germany) which was filled with 3 ml of selective liquid medium (Bolton Broth, Oxoid Germany GmbH, Wesel, Germany). An incubation in micro-aerobic atmosphere (oxygen content of 5% AE 2%, carbon dioxide content of 10% AE 3%) for 44 h AE 4 h at 41.5°C followed (CO 2 incubator with oxygen control; BINDER GmbH, Tuttlingen, Germany). After this enrichment, the samples were streaked onto two solid selective culture media (mCCD agar and Karmali agar; Oxoid Germany GmbH) with sterile inoculation loops. The incubation of the inoculated selective culture was carried out again for 44 h AE 4 h at 41.5°C in a micro-aerophilic atmosphere. Individual colonies were analysed to confirm the presence of Campylobacter. This was performed by phase-contrast microscopy and biochemical methods (API Campy, bioM erieux SA, Marcy-L Etoile, France). For quantitative bacteriological examination, a 10-fold dilution series (0.5 g sample material in 4.5 ml of sterile phosphate-buffered saline-PBS) was made with PBS (phosphate-buffered saline, Oxoid Germany GmbH). In duplicate, 100 ll of each dilution was plated onto mCCD agar (Oxoid Germany GmbH). After incubation in a micro-aerophilic atmosphere for 44 h AE 4 h at 41.5°C, the colonies were counted and an average value from the two duplicate experiments was taken for calculating CFU/g intestinal content.
Only plates with more than 30 and less than 300 colonies were considered.
An already described method (Abd El-Wahab et al., 2013) for detecting coccidia was used weekly.
Serological analyses of serum samples
A commercially available radial immunodiffusion alpha-1 acid glycoprotein measurement kit (Cardiotech Services, Spring Lake, NJ, USA) according to Holt and Gast (2002) was used to determine alpha-1 acid glycoprotein (AGP). Alpha-1 acid glycoprotein concentrations within a range of 50-1500 lg/ml are accurately measured using the test.
Measurements
Litter samples for the purpose of measuring the dry matter content (DM) were collected at days 15, 22, 29 and 36 from five sites (the four corners and the middle of the pen) and then thoroughly mixed. Subsamples of approximately 100 g were taken to assess moisture content by drying at 103°C until a constant mass was obtained (VDLUFA, 2012) .
The fresh excreta of the birds was collected from each pen once a week (Fig. 1) by putting a pond liner in each pen for approximately 1 h until approximately 70-100 g fresh pure excreta per pen had been obtained. The collected excreta was then removed from each pen, thoroughly mixed and dried at 103°C to determine the DM content.
Individual body weight of the animals was recorded weekly. Average weight gain was recorded over the whole lifetime. Feed and water intakes were measured daily at group level. Feed conversion ratio (FCR) was estimated on the basis of feed consumed throughout the experimental period as well as body weight gain of the birds.
Statistical analyses
The statistical analysis of the collected data was performed using the Statistical Analysis System for Windows the SAS â Enterprise Guide â , version 7.1 (SAS Institute, Cary, NC, USA). The collected performance data as well as results of serum AGP concentrations were analysed by one-factorial analysis of variance for normally distributed data (trial-related error probability). For the statistical analysis of the CFU of Campylobacter jejuni in caecal content, counts were previously logarithmised. After that, a comparison was made using non-parametric methods (KruskalWallis test and Wilcoxon two-sample test). All statements of statistical significance are based upon p < 0.05. However, it has to be emphasised that feed and water intakes, FCR, frequency of occurrence of Campylobacter in excreta and caecal content as well as dry matter content in excreta and litter were estimated at group level and therefore could not be statistically analysed because of a low n-number.
Results
The protein contents of the own-made complete diets were almost identical (232 AE 3.40 g/kg DM), whereas the complete feed from the industrial company had a numerically lower protein content (218 g/kg DM), Fig. 1 Schedule of the trial with actions, analyses and parameters.
DL-methionine being especially lower (2.65 vs. 5.28 AE 0.32 g/kg DM). Within the own-made complete diet, the content of some non-essential amino acids was also numerically lower in group HGP (glutamate: 41.8 vs. 46.9 AE 0.91 g/kg DM; proline: 13.7 vs. 14.9 AE 0.21 g/kg DM; serine: 10.9 vs. 11.3 AE 0.00 g/ kg DM) respectively. In the second week of life, the protein content in the CON group (117 g/kg DM) was much lower than planned (228 g/kg DM). As it turned out afterwards, a mixing error had occurred in the feed mill; probably, the targeted portion of the soya bean meal had not been properly included in the feed ( Table 2 ). The commercial diet also had a numerically lower content of crude fibre (25.0 vs. 38.1 AE 6.99 g/kg DM), crude ash (42.0 vs. 65.7 AE 2.51 g/kg DM), Ca (5.95 vs. 14.7 AE 0.73 g/kg DM), Na (0.93 vs. 2.00 AE 0.09 g/kg DM) and chloride (1.38 vs. 4.10 AE 0.08 g/kg DM) than the other diets.
Campylobacter detection in excreta and caecal content samples
The frequency of occurrence of Campylobacter in pooled excreta samples is shown in Table 3 . In the control group (CON), at any time Campylobacter was not found in the excreta samples. All pool samples were negative. In the four remaining groups (SBM, RSM, HGP and ALG), Campylobacter was detected on day 24 in all eight boxes. Up to the end of the trial, in the RSM group, Campylobacter was not found in excreta again. In the SMB group, one box at day 32 was Campylobacter negative. Otherwise, all the boxes at the two time points were Campylobacter positive.
At day 37, only animals from the SBM, RSM, HGP and ALG groups were brought to dissection. The numerically lowest number of positive caecal content samples was found in the SBM group. Seven of ten samples were Campylobacter positive. In the RSM and HGP groups, nine of ten animals were detected as Campylobacter spp. positive. In the ALG group, all samples of caecal content were Campylobacter positive. Quantitative analysis at day 37 revealed no significant differences concerning the average Campylobacter count and the counts in samples of positive animals.
Comparing the results of the final dissection, nearly all samples of animals receiving the own-made complete diet were Campylobacter positive in the caecal content, whereas only seven of fifteen samples were positive in the CON group. With regard to the CFU in the caecal content, the numbers were significantly lower for animals fed the commercial diet (2.47 AE 3.06 b vs. 7.36 AE 0.66 a log 10 CFU/g as average for trial diets). When only the positive animals were considered, there were also significant differences between the CON group and the total of the other groups (5.30 AE 2.08 b vs. 7.54 AE 1.70 a log 10 CFU/g). Between the CON group and each of the groups fed the own-made complete diet feed, the counts of Campylobacter were significantly different (Table 4) . Within the groups fed the own-made complete diet, there were only numerical differences. In the RSM group, on average Campylobacter counts were numerically the lowest. In feed, the pathogen was not detected. Coccidia were not detected in this experiment. It was noted that the alpha-1 acid glycoprotein serum concentrations on the day of dissection were significantly higher in the SBM, RSM and ALG groups (Table 5 ). While in the CON and HGP groups, values of 230 AE 67.6 and 217 AE 118 lg/ml were measured, the values in the other three groups were sometimes more than twice as high (SBM: 518 AE 233 lg/ml, RSM: 489 AE 114 lg/ml, ALG: 440 AE 164 lg/ml).
Excreta and litter quality
The dry matter content of excreta was the highest in the control group. On four of the five sampling days, the dry matter content was significantly higher than the average of the other groups (% DM; ). The quality of the excreta with regard to the dry matter content was by far the best in the control group (CON). Concerning the dry matter content in the litter, this was also the highest in the control group. With the exception of the final sampling time point, the values of litter DM in CON group were significantly higher than the average of the other groups (% DM; day 15: 85. (Table 6 ).
Animal performance
Significant differences in body weight were observed at each of the times of weight recording (Table 7) . Whereas at the end of week 1 and week 2, the body weight was lowest in the CON group, at the end of the whole trial, animals in this group (CON) were the heaviest (2828 AE 353 g). Animals in the group HGP had the lowest body weight (2344 AE 291 g). Therefore, average weight gains were the highest in the control group (67.3 AE 8.42 g). In the HGP group, the average weight gains were the lowest (55.8 AE 6.92 g). Feed conversion ratio was the best in the CON group. Also in this group, the feed intake/water intake ratio was the lowest. Animals in the ALG group had the highest water intake. Mortality was similarly high in all groups (ascites being the main source of loss). 
Discussion
In this experiment, effects of different combinations of protein sources on the occurrence of Campylobacter spp. in excreta and intestinal content of chickens were monitored in a natural infection model. Due to the fact that in the present experiment, no special hygienic measures had been carried out, which would have completely protected the livestock from an external entry of Campylobacter, it is not surprising that infection was confirmed at day 24. According to Newell and Fearnley (2003) , it is possible that Campylobacter organisms from the external environment could be transported into the house in utilities (water, litter, etc.) , either by human activities (persons entering the animal housing) or by insects and other substances entering unofficially. One of the aforementioned pathways must have been the cause of the infection in this study as well. As known from the literature (Ge et al., 2013) , also in this study, Campylobacter transfer from feedstuffs can be ruled out. Water is also unlikely to be the entry route (from the public net, chlorinated), other substances are likely. In any case, the animals in the various boxes had identical chances of being infected because all were supervised by the same two persons. The delayed colonisation in animals living in boxes, which were supplied with a complete diet (CON), has to be mentioned. The reason for that is unknown so far. It can be hypothesised that the diet may have had an influence. There are a few significant differences in diet composition between the conventional diet (CON) and diets specially prepared (SBM, RSM, HGP, ALG), which are reflected in the chemical analysis.
Precisely, because the mucus layer constitutes a protective and at the same time supportive environment for Campylobacter (Hugdahl et al., 1988) , all dietary factors affecting the thickness, the strength and the release of nutrients for Campylobacter from the mucus layer are of particular interest. A decade ago, an influence of nutritional protein supply to the jejunal release of mucus was already demonstrated in rats (Claustre et al., 2002) . A few years ago, a relationship between factors such as amino acid and protein supply and the intestinal release of mucus proteins in chickens was found, too (Adedokun et al., 2011) . Therefore, the higher protein content in the ownmade complete diets may have also supported the extent of infection in these groups in the present study.
Due to certain metabolic pathways, Campylobacter utilises especially the non-essential amino acids serine, aspartate, glutamate and proline (Guccione et al., 2008) as well as methionine, glutamine and alanine (Lee and Newell, 2006) . These can be found in the host or the host environment in sufficient quantity (Hugdahl et al., 1988) , coming either from nondigested dietary protein or specific endogenous amino acid losses of the animal (Lemme et al., 2004) .
In the present study, it can be noticed that the dietary DL-methionine content for the control group (CON) was much lower. For a number of isolates, growth could be determined depending on methionine availability (Blaser et al., 1986) . Methionine seems to be more important for many isolates, such as isoleucine, leucine and valine (Tenover et al., 1984) . Therefore, it cannot be ruled out that the significantly lower DL-methionine content in the control diet may have had an influence. But it should be noted, Different letters signify differences between parameters in a row at p < 0.05.
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On the other hand, the content of glutamate was quite high. Also, the numerically lower levels of glutamate, proline and serine, however, did not lead to a significantly lower number of Campylobacter in the caecum of animals belonging to the HGP group.
Higher crude fibre and phytic acid contents reduce the protein digestibility as well (Refstie et al., 1999) , thereby increasing the potential substrate availability for Campylobacter growth. In the own-made complete diets, on the one hand, the crude fibre content was higher and on the other hand, no phytase was added to the diet.
Coccidiostats commonly used in complete diets for poultry as feed additive are not able to reduce the Campylobacter prevalence after experimental infection (Bolder et al., 1999; Cox et al., 2003) .
Algae are rich in various polysaccharides, sometimes in fucose (Takeda, 1995; Fangel et al., 2012) . Results of the investigations of Stahl et al. (2011) reached the conclusion that if significant amounts of L-fucose are available in the environment, the ability to acquire and use L-fucose provides a competitive advantage for Campylobacter jejuni. Here, there were no significant differences concerning Campylobacter counts at dissection, although numerically the use of algal meal led to higher bacterial counts in the caecal digesta at both dissections.
Despite the fact that there are clear differences with regard to the excreta and litter quality (dry matter content), due to the experimental set-up, there is no possibility to statistically analyse an association between Campylobacter occurrence and excreta and litter quality aspects.
The group with the lowest Campylobacter load in the caecal content (CON) had the significantly highest final body weight and the highest daily weight gains. However, there might be no relation between Campylobacter and performance. On the one hand the diets were quite different, and on the other hand, normally the performance is not affected due to a Campylobacter infection (Dhillon et al., 2006) . Although in some of the groups, (SBM, RSM, ALG) serum alpha-1 acid glycoprotein was up to three times higher than usual (Nakamura et al., 1996) , in a comparable group concerning Campylobacter counts in caecal content, the values were the lowest measured in this experiment. This supports the hypothesis that the Campylobacter infection per se does not lead to central mechanisms of infection (reduced feed intake) and therefore should not result in a reduced performance in this trial.
In summary, it can be said that so far no comparable studies have been conducted that have tested possible effects of five different complete diets on the occurrence of Campylobacter in chickens. Although significant differences were seen between the groups, no final recommendation can be given concerning how to create a diet to reduce an infection with Campylobacter, for example due to particular combinations of protein sources. Further studies with experimental infection would be necessary for this purpose.
